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ABSTRACT

This handbook provides basic design guidance for environmentally controlled
clean room facilities and is presented for use by experienced architects and

engineers. The contents include design data for the fabrication and

1 _ o=

construction of closely controlled environmental areas in which varying degrees
of dust-free operations can be performed. Criteria cover conventional
nonlaminar flow and horizontal and vertical laminar flow with consideration of
new construction of clean rooms, prefabricated clean rooms, and the upgrading of

existing clean rooms. Additional 1nformation can be found in the literature
listed in the REFERENCES.
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FOREWORD

h been dev io
shore establishment from surveys of the avallabll new materials and
construction methods and from selection of the best design practices of the
Naval Facilities Engineering Command (NAVFACENGCOM), other Government
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agencies, and the private sector. This handbook was prepared using, to the
maximum extent feasible, national professional society, association, and
institute standards. Deviations from these criteria in the pLannlng,
engineering, design, and construction of Naval shore facilities cannot be
made without prior approval of NAVFACENGCOM HQ (Code 15C).

Design cannot remain static any more than can the functions it serves or the

technologies it uses. Accordingly, recommendations for improvement are

encouraged and should be furnished to Commander, Naval Facilities Engineering

Service Center (NFESC), 560 Center Drive, Port Hueneme, CA 93043; commercial
““““ 5) 982-2639.
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A REFERENCE DOCUMENT FOR PROCUREMENT OF
FACILITIES CONSTRUCTION. IT IS TO BE USED IN THE PURCHASE OF FACILITIES
ENGINEERING STUDIES AND DESIGN (FINAL PLANS, SPECIFICATIONS, AND COST
ESTIMATES). DO NOT REFERENCE IT IN MILITARY OR FEDERAL SPECIFICATIONS OR
OTHER PROCUREMENT DOCUMENTS.

THIS HANDBOOK SHALL NOT BE

USED AS A
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MATNTENANCE FACILITIES CRITERIA MANUALS

Criteria
Manual Title PA
MIL-HDBK-1028/1 Aircraft Maintenance Facilities LANTDIV
MIL-HDBK-1028/3 Maintenance Facilities for Ammunition,
Explosives, and Toxics NFESC
DM-28.4 General Maintenance Facilities CHESDIV
MIL-HDBK-1028/5 Environmental Control - Design of NFESC
Clean Rooms
MIL-HDBK-1028/6 Aircraft Fixed Point Utility Systems SOUTHDIV
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1.1 Scope. This military handbook presents criteria for the fabrication
and construction of closely controlled environmental areas in which the
following can be performed at Naval Shore activities:

a) Quality control;

b) Laboratory techniques and precision control;

c) Repair, assembly, calibration, and tests of components;

d) Photoprocessing of high-level photoreconnaissance;

f) Loading and unloading of film magazines;
g) Film editing and cutting;

h) Print inspection;

i) Dust-free operations.

The requirements could make it necessary to achieve dust-free areas with precise

control over temperature and humidity. In many instances, it is necessary to
ron d
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eliminate particles 0.3 micron and larger from the con d area.

1.2 Cancellation. This handbook, MIL-HDBK-1028/5A, cancels and supersedes
MIL-HDBK-1028/5 dated 15 May 1989.

1.3 Policy. Environmentally controlled facilities must fulfiil specific
requirements of the Naval Air Systems Command (NAVAIR) and Naval Sea Systems
Command (NAVSEA)
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Section

2.1 General. Energy conservation shall be a major consideration in the
design of clean room envelopes, mechanical systems, and electrical systems.
NAVFAC DM-3.03, Heating, Ventilating, Air Conditioning and Dehumidifying
Systems, contains design criteria that should be considered for general energy

o RN : —

conservation measures that would be applicable to clean room design.

2.2 Energy Savings by Clean Room Class Selection. Modern clean room tasks
nearly always require laminar flow because of the decreasing size and increasing
sophistication of equipment to be maintained. This smaller size equipment may

allow smaller sizes of laminar flow clean rooms or may allow suitably designed
laminar flow work stations to be used in lieu of the more energy consuming

laminar flow room. Classes 10,000 and 100,000 (SI classes M5.5 and M6.5)
nonlaminar flow (conventional) clean rooms are useful chiefly to provide a
suitable vironment for laminar flow work stations. Class 1,000 (class M4.5)

clean rooms should not be provided as an environment for laminar flow work
stations since they are unnecessarily clean and too expensive to maintain.

Class 100 (class M3.5) or better cleanliness is produced at the *first air®
leaving a High Efficiency Particulate Air (HEPA) filter that is preceded by a
medium or high efficiency prefilter. This cleanliness can be provided by the
following laminar flow clean spaces listed in the order of increasing cost to
construct and maintain:

a) Laminar flow work station in a normal air-conditioned space;

b) Laminar flow work station in a conventional clean room;

¢) Horizontal laminar flow clean room;

d) Vertical laminar flow clean room.
2.3 Primary Energy Conservation Consideraticons. Scome primary energy
conservation measures that should be considered in clean room design are as
follows:

2.3.1 Room Layout. Provide compact room layout that will fulfill process

requirements without oversizing rooms and increasing capacities of support
equipment Confine the areas with high protection requirements with suitable
plastic errains or dividing walls, thus separating them physically from the
external areas with reduced protection requirements.
2.3.2 Airflow
=\ Tom ae=d A o -2 LT crnaand Lam mAt-ATo 2 a2 . PP T S
a) rrovidae vdrilidble Speed 1Ldil moLtors, 10 mdlrntdln 4 Cconstdnti lidaminar
airflow rate through the filter system, where they are proven to be economical.

b) Design airflow systems using conservative velocities through coils,
filters, and ductwork, thus reducing fan horsepower. (Refer to American Society
of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) Standard 90A,
Energy Conservation in New Building Design.)
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c) Pass supply and exhaust air through noncontact heat exchangers
wherever advantacaniic
Wil L OC VoL auvall\.aacuua

d) Exhaust process generated latent loads outside the room, to
minimize loads on cooling equipment, when the additional outside air
requirements will not increase cooling loads.

e) Use

forth in the ASHRAE

" m!‘“\w\l
1111

alratin ad i+diaa ~ronaia
um makeup 41r quariticties COiisis

handbooks.

f) Obtain makeup air from adjacent building spaces, when the air will
be a cleaner source than outdoor air, to minimize load through air filters.

a) Use dry coil sensible heat removal in primary air circuits of

laminar flow rooms. (Refer to paragraph 2.4.1.)

b) Use sprayed coil dehumidification in makeup air unit where climate
renders it economically feasible
2.4 Energy Conservation Design. The design of clean room spaces should
inc

ude consideration of innovative design techniques and higher first cost

+thaot will +aciil+ avevall anavrovu noavruatiaon Tha additiagnal fiveat
Lilao Wil ll LCD\.L.LL J_l.l Uuvciall CIICLE] LUlchL vacaiuvll. LillT auul viviial L Ll OC

cost of systems and equipment should be compared to the long range energy
savings that could be expected over the anticipated period of time that the
facility will be in use, by completion of a life cycle cost analysis. Some
design techniques and equipment that should be considered are described in
paragraphs 2.4.1 through 2.4.3.

2 4L 1 Dry Coils. In laminar flow cvectemg fan cencihle cat mav be uced for
2.4.1 Dry Ceils In laminar flow systems, fan sensible heat may be used for
reheat purposes however fan sensible heat not needed for reheat purposes may

be removed from the primary airstream by use of "dry coils." The dry coil
should be located in the primary airstream ahead of the HEPA filter, and ma

0 <
o
(1

on either side of the primary air fan. The capacity of the coil is regulated by
a modulating water valve controlled by a thermostat just downstream of the HEPA
filror (Sea Fioure 1 for a tvnical nrimarv airetream neine a2 drv coil )
filter. (See Figure 1 for a typical primary airstream using a dry coil.)
Cooling water for the dry coil can be provided from a transfer coil in a makeup
air unit, building chilled water return piping, or building chilled water supply
piping

2.4.1.1 Transfer Coil. If a transfer coil is used to provide cooling water for
+1h Av‘ Antl o +hn tranafFar AATT masr T AannAd 30 Aarrr At Adane Al _otrvranm Tavoa
Ll ulp y cCulls, Ll Lialildicl CUuUllL Illd e PL ea in dll_y UuLuvuUulL all -“oSLuLicail LOL5C
enough to handle the cooling load of the dry coils under all weather conditions.
(See Figure 2 for a typical transfer coil installation and the piping between

2.4.1.2 Chilled Water Return Piping. The return line to the building water
chiller can be used as a source of cooling water, when the return water
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temperature is low enough to maintain approximately 60 degrees Fahrenheit (“F)
(15.6° Celsius (C)) in the dry coil piping loop (See Figure 3 for a typical
chilled water return piping.)

1. 3 Chilled Water Supply Piping. The supply piping from the building water
ler can be used as a source of cooling water when the capac1ty of the water
ler is sufficient to handle the additional load.
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2.4.1.4 Bypass Air. When dry coils cannot be used, cooling of the primary
airstream is accomplished by bypassing part of the primary air through a
conventional air conditioning system sized to remove excess heat from the room
(see Figure 4).

N

4.2 Duty Cycle

a) Laminar flow work stations should be designed to run only when
needed, with allowance made for self-cleaning startup action. Consideration
should be given to stored cooling cycles (thermal storage) when cooling is
performed at off-peak hours.

b) Laminar flow rooms should be designed to be easily shut down when
they are not needed. The use of variable speed fan motors would permit the
clean room to "idle" at less than full load when laminar flow is not needed.
Thermal storage for chilled water should be considered if the clean room has
peaks in its duty cycle.

2.4.3 Humidification. Sprayed coils and wet cooling coils in a laminar flow
installation should have air side surfaces which remain clean. Water used for
humidification must be free of materials which are contaminating, corrosive, or
scaling. If distilled or deionized water is used, consideration should be given
to producing the water during off-peak hours and storing it in suitable closed
tanks until needed.
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Section 3: PLANNING AND DESIGN CRITERIA
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3.1 General Requirements. Proper design and construction can provide a low
particle count as well as practical clean room facilities. Good housekeeping
practices are essential for the maintenance of a low particle count. Conversion
of existing space will probably take precedence over construction of new
buildings to provide clean room facilities. Second floors of buildings and

mezzanines should not be used if freedom from vibration is required.

3.2 ite Planning. The location of the site and the general siting of
buildings shall be in accordance with the activity Master Plan. In layout, the
followinz items must be considere d in specifically locating and orienting
env1ronmentally controlled facilities and related facilities on the site.

3.2.1 Entrances. Separate entrances for personnel and material and equipment

12 .2 - = P

should be maintained when conditions permit

3.2.2 Parking and Service Areas. Adequate parking areas for staff,
operating personnel, and visitors should be conveniently located close to the
respective entrances. The parking and service area surfaces should be hard,
non-dust-producing, and graded for proper drainage. (Refer to NAVFAC DM-5.04,
Pavements.)

ticulate fallout in locating the
te should not be exposed to:

c) sand or gravel grading operations,
d) grain storage areas;

e) undue noise; and

f) excessive vehicular traffic.

Consider possible future developments of objectionable conditions. As
all clean rooms require fresh air for ventilation and pressurization thought

P RPN
uidcee

should be given as to where fresh air may be obtained for minimal partic
content, odors, and chemical contamination.

3.2.4 Soil and Subsoil Conditions. Local ground vibrators should not be
overlooked. Transmitted energies from bedrock vibrations of 10~ 5 gravity or
ground or air carried vibrations in the range of 0 to 200 cycles per second can
disrupt precision measurements.

3.3

[ .4

MIL-HDBK-1001/2, Materials and
Timber Structures.



MIL-HDBK-1028/5A

3.3.1 Structural Framing. Structural framing should be designed to minimize
vibration transmissions and structural member deflections under varying live
loads, such as the movement of maintenance personnel. Excessive vibration and

structural deflections could cause failure of filter seals and cracking of
internal surfaces of the room. The support of clean room components (ductwork,
drop ceiling systems) shoul be designed with care when the clean room

3.3.2 Wall/Partition Construction. The existence of offsets, ledges, and
other horizontal surfaces should be minimized because they allow particles to
collect. Rooms of this nature require periodic cleaning to remove accumulated
particles. This cleaning can be much more effective if above criteria are
followed. In laminar flow rooms, much greater latitude may be taken since the
wall surfaces form only a part of the perimeter of the airflow pattern.

3.3.3 Floor Construction. Careful thought should be given to the use of an

elevated or false floor such as is used in computer rooms. Elevated floors
provide a durable work surface and the flexibility of running services to any

point with minimum exposure within the room. Later modification can also be
made without exposure of the room to outside contamination. In vertical laminar
flow rooms, ensure that

a) elevated floors are used to maintain the parallel airflow pattern
through the room, and that

b) perforated dampered floor panels are uniformly located throughout
the room in an approximate 30 percent ratic with sclid panels to accommodate the
airflow

The preferred finish on floor panels is of the high-pressure phenolic
type.

3.3.4 Ceiling Construction. To minimize costs, the ceiling height should be
no higher than necessary for the function to be performed in the clean room.

The helght shall be not less than 8 feet (ft) (2.44 meters (m)) since the
ceiling surface and joints may be damaged by activities performed in the room.
The minimum height requirement is important in vertical laminar flow rooms

because the HEPA filters mounted at ceiling level are easily damaged.

Protective screens should be provided wherever necessary to protect the face of
HEPA filters. All joints should be sealed to prevent particle induction or loss
of room pressurization air.

a) Light fixture housings are to be sealed in a manner which permits
relamping from within the room. Fixtures should be uniformly spaced to obtain
shadowless 1ighﬁiﬁg at the specified footcandle (lumens per square meter) level.
If special lighting is specified, such as yellow or red, light-tight
partitioning and proper filtration of light through windows or pass-throughs to

adjacent areas will be required.

b) Sprinkler head piping, fire detection, and all other devices which
penetrate the ceiling require airtight seals.

3.3.5 Finishes. Wall

generation of particles w

nd ceiling finishes should be

Lol lils LiliSiles SIii1oUiC

a
ithin the room and compatible w
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operations. Finishes should be smooth, easy-to-clean, nonchipping or
nonflaking, durable, nonporous and, if required, nonmagnetic, chemically
compatlble with product and resistant to storing static charges The fioor

2

meet the same criteria as the walls. lnls may be accompllsn a y
P a

i [ 3 X rete
Jolnts sealed. Concrete surtaces sh

3.3.5.1 Floor Finishes. Floors are potentially one of the highest source
particulate matter in the clean room. Lney are subje
h 1
n

£o06 +afFF3

[N

LUUL LLOLL

c ic
Therefore, a surface
provided.
a) The floor covering materials should be bonded to the subfloor in
strict accordance with the manufacturer's specifications.

b e i ac a
burnished, troweled concrete with su

c) An acceptable quality floor finish would be seamless vinyl type
sheet material, with coved corners and edges for 51mp11f1ed cleaning. All

joints should be flush and tight, and can be sealed by applying heat or vinyl

PR DU o S PRSI B [ U R, SR S O SN TE +brn cmnterman s

solvent Lo Lhe edges 4dlia dllO0wlilg Lien Lo Lull togelLner 1T Cne soiventc
procedure is used to obtain satisfactory results, it is necessary that the joint
area be returned to the original flooring hardness. Vinyl type sheets shoul

not be used for slab-on-grade. Sheet material is preferred for conventional
clean rooms, but it is not required in laminar flow clean rooms, since dust
particles on the floor cannot rise through the laminar air currents.

d) In areas where the floor will be subjected to heavy loading and
abrasion by 1lift trucks and dollies (for instance, in missile overhaul clean

rooms), consideration should be given to epoxy, urethane, and polyester
coverings. These types of coverings could be necessary because o
attack from spillage.
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f) Grated floors for downflow clean rooms can be made up of any
commercially available grating panels over metal supports. The grating panels
should be removable to have access to the prefilter material below. Washable

foam has been found satisfactory as prefilter material, and can be laid on wire
mesh which in turn can be carried by the grating panel supports.

_____________ a nyl or rubber bases or

utility moldings should be used. The base materi
the wall and floor finishes.

3.3.5.2 Bases. Where bases are required, coved v
a

3.3.5.3 Wall/Partition Finishes. The wall finish should be durable, smooth,
and nonchipping or non-dust-shedding. Horizontal dividing strips or ledges
should be avoided. Joints and corners should be kept to a minimum. Coved
corners are recommended only for special conditions
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The walls/partitions should be sealed to prevent contamination through
invading air and large losses of air pressure.

a) Some typical acceptable wall/partition finishes are: gypsum
wallboard with taped and bedded joints, finished with epoxy paint; concrete
masonry units filled to a smooth finish and painted; and plaster with vinyl wall
covering, or plastic laminate.

b) Some acceptable basic types of coatings are: acrylic, vinyl, and
latex paint.

c) Wood is unacceptable in any cleanroom.

d) Wainscots should be used only when it is an operational
requirement, and should be installed with flush horizontal joints between the
two partition finishes. The height should be kept to a minimum.

e) When a wainscot is required for impact resistance, the following
materials are acceptable: job painted metal, factory prefinished metal, epoxy
or polyester glazes, chlorinated rubber enamel, and glazed structural units or
glazed tiles with fully grouted mortar joints.

f) For laminar flow clean rooms, no epoxy paints or other special
finishes are necessary, since particles from this source do not contribute
significantly to the airborne particulate count within the clean room.

3.3.5.4 Ceiling Finishes. Ceilings are not subjected to rough treatment, and
the finish does not have to have impact strengths. The finish should not be
dust-producing nor collect dust, and should be easy to clean. Acoustic material
should be used only in spaces with a high noise level. Some typical acceptable
ceiling finishes are:

a) Gypsum board fastened to concealed metal runners, with joints taped
and bedded, and finished with an acceptable coating.

b) Suspended ceiling systems with an extruded aluminum inverted "T"
grid or a stainless or aluminum-capped steel grid. The lay-in panels and lights
should be securely fastened and sealed, to prevent movement or loss of air due
to difference in pressure of air above and below the ceiling. The customary
installation of sealed lay-in panels prevents removal from below the ceiling,
and is a disadvantage when work must be done above the ceiling. Lay-in panels
can be either job or factory finished.

c) Acoustical units which are noncombustible and will not shed
particles, when acoustical treatment is warranted in accordance with NAVFAC
DM-1.03, Architectural Acoustics. For suspended ceiling systems, use concealed
metal runners with concealed fastenings and a joint system which will not leak
air if the clean room is under positive pressure. Fissured or perforated units
should not be used. Acoustical units should not require painting.

3.3.6 Trim and Openings. The number of openings should be kept to a minimum.
Doors should be of extruded aluminum or epoxy coated hollow metal. Entryways,
doors and pass-throughs should be of correct size to permit personnel and
required equipment access to the clean room. Openings should be of the air lock

12
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type and provide sufficient air seals to allow pressurization of the clean
room. Windows should be non-opening, double glazed, sealed, and flush fitting
with the cleanrcom walls. All frames should be metal and flush fitting

3.3.7 Central Vacuum Cleaning System. A central vacuum cleaning system

should be provided in all classes of clean rooms. Inlets should be
flush-mounted in the walls approximately 4 ft (1.22 m) above the floor. They

should be spaced so that hose length does not exceed 50 ft (15.25 m) and every
spot can be reached within the area.

3.3.8 Support Rooms. Support rooms have usually the same or similar finishes
as the clean room, and include change rooms, toilets, washrooms, locker rooms,
offices, and lunch areas. Some special considerations are described in
paragraphs 3.3.8.1 through 3.3.8.5.

00 h ] as minated
areas; the air handling system should be deslgned accord1 ngly. Prov1sions
should be made for metal lockers to hold clean room garments. Benches or foot
rails should be provided for use by the employees to put on their shoe covers if

they are to be used, or to put on their clean room shoes if separate shoes are
to be used. Provide drinking fountain inside the change area. Design room
layout to ensure separation between incoming and outgoing employees.

3.3.8.2 Toilets. Toilets should be considered as semicontaminated areas, and
the air handling system should be designed accordingly.

n

3.3.8.3 Washrooms. Washrooms should be considered as semi-contami
and the air handling system should be designed accordingly. Liquid
dispensers, foot-or knee-controlled washstands, and filtered air

should be provided.

3.3.8.4 Locker Rooms. Locker rooms should be considered as uncontrolled areas.
The locker room need not be a room, but can be an area where street clothes are

otnvad
SLulLecu,

3.3.8.5 Offices or Supervisor Areas. Windows and an intercom system should be
installed between the office and the clean room. If the supervisor is required
to hold and handle parts while talking to a clean room employee, a glove box
type arrangement can be used where the supervisor places his hands into the

—— . 2 1 - == am

gloves and into the clean room.

3.3.9 Clean Room Equipment. Materials should be chosen to resist the
generation of particles by chipping, flaking, oxidizing, or other deterioration.
Normal paint should not be used in areas which are subject to repeated contact
with personnel or other objects in the clean room, such as workbench legs.

PR P ~

After surfaces have been properly prepared, surfaces which require painting
should be painted with an epoxy, polyester, or similar surface coating.
Instructions for the preparation and application of these coatings must be
followed exactly in order to obtain desired results. Items which can expect to
be bumped, knocked, or abraded by personnel should possess a tough, resilient,
low particle-generating surface such as stainless steel, a laminated plastic

type material, or material of equivalent surface qualities.

13
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If clean room equipment is not subject to such treatment, the items can
be of conventional design. Stainless steel or other metal should not be used
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3.4 Vibration Isolation. Consideration should be given to isolating the

noise and vibration generated by equipment and machinery in accordance with
NAVFAC DM-3.10, Noise and Vibration Control of Mechanical Equipment, and NAVFAC
Guide Specification NFGS-15200, Noise, Vibration, (and Seismic) Control. Rigid

mountine of machines on the supporting structure should be used only for
meunting ©I machines con the supperting structure snould sed oniy 1Ior

lightweight machines with low unbalanced forces. For critical areas or where
special noise problems exist, the machines should be spring-mounted above an
inertia pad weighing at least three times as much as the machine, base, and
motor. The inertia pad should rest on cork or other resilient material, and, if

necessary, be sealed in plastic to contain particles. Whenever possible,
structurally separate the floor sections used for personnel movement from floor
sections with vibration sensitive equipment.

3.4.1 Isolators. Isolators shall not generate or collect dust particles.
3.4.2 Consideration of Other Facilities. The design should give special
attention to ensure that no excessive forces are transmitted to the building
structure, nor excessive strain imposed on connecting pipes, ducts, and similar
items

3.5 Acoustics and Noise Control. Noncombustible acoustic treatment of

walls and ceilings should be provided in spaces with a high noise level, where
sound absorption is required for satisfactory functioning. Sound absorbing -
n a

materials which fray off particles should not, for any reason, be used in air
ducts

3.5.1 Sound and Impact Noise Isolation. The sound design level for each room
in the building should be determined in accordance with the noise criteria of
ATAYYTVA 7V ™iE 1 nA1 AT ATYYYVA M ™A ko hlVaY 3 RITVANY 1T CcNANN my b | 1 g 1 1 1 3
NAVFAC DM-1.03, NAVFAC DM-3.10, and NFGS-15200. The sound design level should
ha avnrageced in tha mavimim nermicgibla ceoiind nraccure lavel for aac fraauanecy
L A~ CAVLCDDCU 4Ll R i= I A L AL PCLIIILDDLULC A AR R AN PLCDD\ALC LA voea LU Ccavii LLC\‘\ACII\.«
band. The wall, floor, and ceiling construction should have adequate sound
transmission 1oss and impact noise isolation to accommodate the design level

Openings around pipes and ducts should be sealed tightly to prevent sound
leakage between rooms. Barriers should be provided in suspended ceilings above

the partitions. In adjacent rooms, cross transmission of noise through the duct
cvactam and ha~ls A_hanly ATlogntrianl AditTatoe obai1d o AxrAadi A
Systcill allu pack- LU'Ude ULULLLLde. vuLliclLd Sdllvuiu e avouliucau,
3.5.2 Background Noise Levels. For most design conditions, background noise

limits are established by preferred noise criteria (PNC) curves shown in NAVFAC
DM-1.03. For design levels, refer to ASHRAE Handbooks, Fundamentals, Systems
Applications and Equipment volumes. All equipment to move the high masses of
air should be carefully designed and built to stay within the range of the

dacion lavele Rarkorannd naice lovele chaonild ]’\n me

design levels. Background ncise levels should be measured on location. Noi

from outdoor equipment should not exceed the normally acceptable background
noise level, either outdoors or inside adjacent buildings

3.6 Installation of Utility Sources. Provisions for concealment of utility
sources and future installation of clean work stations should be incorporated in
the design without rendering the sources inaccessible for maintenance. Possible

14
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means of achieving this goal are the use of utility islands at benches, utility
peninsulas, utility columns, or plenums. The design should avoid all horizontal
ledges on the interior of clean rooms

Gaskets and seals should be used to ensure that the room pressure will
be maintained and no dust will pass into the room where ducts, pipes, conduits
Pree RPN O P RN wra11 o T canlae cbhmr:1d Lo 013 L7 0 +ivenne &l e ko
dllu cabiled Pl.b'l.l,b' Lll wdlldS 1lie 5EdlidS S5110UlU be plldable Lypeds Lilat Call ve
removed with minimum effort to facilitate remodeling or maintenance, such as
silicone rubber or any other comparable sealant. In most instances, the

extension of utilities into the clean room should be through utility conduits
around the outside of the room.

Proper spacing of utility columns, peninsulas, and plenums, or use of
utility duct type floors or basements in the design, will allow future
partitioning, installation of future work stations, and other changes at a
minimum additional cost. Extensive under-the-ceiling utility services should be
avoided. Direct overhead utility connection to work stations and benches should
be used if it is the most feasible. The most flexible means of accommodation of
utilities is by use of the elevated floor or basement.

3.7 Cleaning Requirements During Construction. Specific provisi for

constant, thorough cleanup throughout the construction of a clean facility shall
be part of the design. Constant, thorough cleaning and vacuuming of furred wall
spaces and all potential sources of dust should be continued until the spaces
are closed off. Precautionary measures should be clearly identified in the
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3.7.1 Dust-Producing Construction. Dust-producing construction activities,
such as sawing, planing, and sanding, should be accomplished as remote from
clean areas as possible. Construction planners should consider the sequence of
operations in order to schedule dirty work, such as cutting, plastering,
breaking up, and excavating, ahead of other operations. Concrete and mortar
surfaces should be sealed if compatible with final finishing material. Never
expose HEPA filter to contaminant-producing construction activities.

:.
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3.7.2 Air Handling Ducts. Air handling ducts and accessories intended for

use downstream of HEPA filter units should be thoroughly cleaned and sealed at

the fabrication point prior to shipment. After erection, air handling ducts and
1

equipment shall be vacuumed clean and sealed until used. Access openings in the
duct system should remain sealed during construction. Air should not flow
unless the HEPA filter units are in place.
3.7.3 Equipment, Furniture, and Utilities. All equipment, furniture,
utilities, and material should be thoroughly cleaned prior to installing or
placing in the clean room. When the using agency places equipment in the clean
room, provisions should be made to clean such items
3.8 Facility Components
3.8.1 Personnel Air Locks. The personnel air lock should be of such a size
as to allow material and a number of persons to enter a room at any one time.
An interlock door system should be used in such a way that only one door to the
air lock is opened at any one time. The room finishes for the air locks will

h

e same as the clean room. No air shall be supplied to the air
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lock, but air should be returned from it. An air lock can be incorporated as an
integral unit with an air shower by interlocking the entrance and exit doors of

the air shower. A minimum of 50 miles per hour (22.35 meters per second (m/s))

velocities is required for clean air nozzles

3.8.2 Equipment Air lLocks. An equipment air lock should be provided if it

becomes necessary to move large equipment in or out of the clean room. The size
is determined by the maximum size of equipment which must be moved. The air
lock finishes should be similar to the clean room finish except when protective
wall treatments are required A door interlock system shall be used so that

only one door to the air lock can be opened at any one time. A nominal amount
of air should pass through the air lock to purge contaminants and maintain a
positive pressure with regard to the outer area. Air pressure should be the
same as for areas with less clean requirements. All items moving through the

k from a ontro om ShOULu have rough
ns performed on ther e
ck. Normallv cleaning with vacuum

cleaning should o
tems, fixtures and products, pass boxes

cleaners will be sufflcient. For smal
or pass-through windows should be used.
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3.0.95 AlYX owers lhere 1s a pbalance pbetween tne number OI peopiliée 1in ine
clean room and the contamination level and, therefore, it is necessary to remove
particles clinging to clothing before personnel enter the clean room. An air

shower can be designed as either a walk-through unit or a stand-in cabinet,
depending on the size of the clean room and the number of people to be processed
through the air shower. Hand-held air brushes shall be installed within the

air shower to increase efficiency. A walk-through air shower can be made
integral with the air lock by interlocking the entrance and exit door to the
shower, so that only one door can be opened at a time. A stand-in air shower
cabinet must be 1nsta11ed within an air lock, and should not accommodate more
than 10 persons. The air nozzles and slots should be positioned so that the

entire personnel body area is air cleaned. The particulate matter removed

should be collected by a vacuum system. Figure 5 shows the recommended velocity
time curve for air shower applications. The air impact velocity is measured
perpendicular to the surface area of the individual being cleaned. The time
shown is minimum, and should be selected at or above the velocity time curve.

Velocities greater than those shown on the curve are potentially unsafe for
personnel, and should not be used. A minimum of 50 miles per hour (22.35 m/s)
is required for clean air nozzles.

1T Q 4L Chan
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cleaner which should have a cleaner, side and top brushes, and a vacuum
system. The vacuum system can be connected to a janitorial vacuum system. Also

a multiple layer tacky or sticky mat should be provided.
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3.8.5 Pass Boxes or Pass Windows. Pass boxes, pass windows, or barrel
pass-throughs should be provided for the movement of small items, fixtures, and
products. Material that resists abrasion and rough wear should be used.
Stainless steel or laminated plastic type materlal, or equivalent type
materials, should be used for the countertops of the pass boxes or windows.
Edges should be reinforced. The doors should be equipped with interlocks so
that both doors cannot be opened at the same time. All framing around openings

should be metal to ensure against cracking. Frames should be set flush with the
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lephone or speaking diaphragm shall be provided at each pass box.
r windows should not be used for communications.

REE STREAM AIR IMPACT VELOCITY ON PERSONNEL
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Figure 5
Air Shower Velocity Versus Personnel Time in Shower
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3.8.6 Observation Windows. Observation windows should have a single pane of
glass, set in neoprene gaskets, to ensure against both dust and loss of air
pressure. Windows should be flush with interior wall and should have no ledge.
3.9 Color Treatment. The most important consideration in the choice of

clean room colors is the prevention of eye fatigue. The causes of eye fatigue
must be considered for each area within the clean room to determine a suitable
olor scheme.
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field of vision should be of the same general tone of color, but not necessarily
the same color as that of the equipment. Walls that are not within the field of
vision can be light colored. Light colored floors are recommended for their
refiectivity.

Colors should b n vel: 1 W
to the immediate work area, to machines and equipment, to nearby walls, to other
walls/partitions, and to the ceiling. The points of contrast are between the
work and the bench tops, and between the bench tops and the surrounding
machinery. Light reflection and glare become a haz t f tl
smooth, hard finishes in clean room
light fixtures
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3.10 Electrical Systems. The electrical services should be concealed under
floor or behind walls/partitions, and should be brought into the clean room as
near the load center as practicable. Electrical equipment and components which

can be located outside of clean rooms and still comply with all applicable codes
should not be installed in clean rooms Overhead entrances, as well as exposed
horizontal and vertical runs within the room, should be avoided. The materials
and installation should be such that contamination will not be introduced into

the room. Electrical components should be installed in recessed enclosures made
of stainless steel or anodized aluminum. Access to the components should be
restricted by dust-tight and watertight covers.

As a rule, floor-mounted electrical components should be avoided. To
prevent malfunctioning of test equipment, power lines of different frequencies
should be run in separate raceways and shielded as required. To provide

flexibility and convenient connections to equipment that may be moved
frequently, trenches or underfloor duct systems should be considered.
Interference with airflow or workflow should be held to a minimum. Electrical
systems shall be provided in accordance with paragraphs 3.10.1, 3.10.2 and

unoDwv _1NN/L /7 Plantrinal FOER I S S
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3.10.1 Lighting. Shadowless lighting for the tasks encountered with
intensities maintained at the working level shall be in accordance with
MIL-HDBK-1190, Facility Planning and Design Guide. When it is impracticable to
provide the required intensities with general illumination, supplemental lights
can be installed for special operations.

a) The Fpnq1h111rv of nri1i7ing recessed ceiling lights should

considered. The lens and frame should be flush with the ceiling, and sealed to
maintain the room pressure gradient and to prevent entrance of contaminants. If

[
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b) For inverted "T" type suspension ceilings, install fluorescent
tubes along the lower surface of the "T" bar support. Install teardrop covers
to reduce turbulence. For other type ceilings, lighting fixtures can be

surface-mounted on the ceiling if installed in such a manner that they will
present a minimum of interference to airflow. The fixture construction should
be of nonflaking, non-dust-producing material, and should contain no horizontal
ledges that will collect foreign particles

c) Electrical equipment and installation in air locks and support
rooms should be consistent with the permissible degree of contamination and air
pressure gradient.

d) Standard commerci
electromagnetic interference o sufficient magnitude to adversely affect the
operation of sensitive test or electronic equipment. Where such equipment is
utilized in a facility, powerline filters should be considered to reduce
electromagnetic interference to the tolerable limits.

H-;{b

ions, colle
foreign particles, as well as present - other operat I I
presence of static charges is contemplated, adequate grounding shoul
provided to alleviate the condition.
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Mechanical Systems

a

3.11.1 Air Conditioning System Requirements. Heating, ventilation,
cooling shall be provided in accordance with NAVFAC DM-3.03.

o
3

3.11.1.1 General. Requirements common to all clean rooms are as follows:

h to ma
humi

i

air
(22.2°C) b (db i r
percent rh, unless work in the room requir tions when just
the process to be performed in the clean room. For comfort conditions, the
requirements of NAVFAC DM-3.03 shall be followed. In laminar flow rooms, it is
possible to hold much closer temperature control because of the high volume of
air being circulated. In this type room, a requirement for +1°F (0.6°C) is not
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Unless process conditions dictate it, do not specify a humidity level
of below 40 percent, since special systems may be required to maintain lower
humidities. Initial and operating costs of these systems are quite high.
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b) The air distribution system shall be designed to provide a constant
air volume flow, and to maintain a clean room positive pressure of 0.05 inch
water gauge (0.0124 kilopascal (kPa) (gauge)) above that of any adjacent area.

Air lock and showers shall also be malntalne& at 0.05 inch water gauge (0.0124
kPa (gauge)) above that of any adjacent and less clean area. Constant air
volume shall be assured by spec1fy1ng fans with a steeply rising pressure volume

curve and application of variable speed drives Fans and motors shall be
selected that are capable of maintaining design airflow rates with the static
pressure drop across all of the filters in the filter system at 2.5 times the
initial (design) pressure drop. Gauges should be installed across filters to
assure replacement before airflow is inhibited. Give careful consideration to
fan motor types as related to energy usage and heat buildup.

c) The supply and return duct system shall be airtight to prevent air
leakage into or out of these two system components. Pressure sensitive tape,
flange and gasket, or soldered or adhesive sealed joints and seams shall be
used. Ducts, diffusers, and other components downstream of the HEPA filters

shall be aluminum. Insulatlon shall be provided with a vapor barrier facing
with a permeability rating (perm.) of not less than 0.04 perm. All vapor
barrier joints shall be finished to this rating.

T

1
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d) Conventional clean room conditioning system elements shall be
arranged as detailed in Figure 1. The same arrangement should be used for
"makeup" air and "bypass" air in laminar flow rooms. Laminar flow rooms should

have separate primary fans for air recirculation at the rate required to
maintain laminar flow. Primary air fans can have "dry" cooling coils in their
inlet or outlet plenums for economically removing the heat of fan motors as well
as part of the room sensible heat.

3.11.1.2 Filter Installation. Filter installation mounts shall be accurately
detailed to minimize filter change time, to assure proper sealing against
leakage, and to provide clearance for adequate inspection and maintenance.
Medium efficiency and HEPA air filters shall be placed as close to the entrance

into the rooms as practical. Gauges shall be installed across all filter banks,
and marked for the filter replacement point static pressure loss. Give special
attention to installation of suspended ceiling guide wires as these wires often
damage HEPA filters during installation

3.11.1.3 Operation. The system shall not be operated unless all filter banks
are in place and properly sealed.

2 11 1 2. O e e N e a [ o P S SR =L 171 1 _ P I S T . S
J.11.1.4 pystem LOHMPONEeILs. oystiem ComporneIils sdll De drrdngea Lo provide
adequate service and maintenance clearance with a minimum of system disassembly

3.11.1.5 Makeup Air. Makeup air shall be kept to a minimum, consistent with the
requirements for personnel, pressurization, and control of room temperature and
humidity.
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reguired as a part of the facility desion Regquirements for and onerating
required as a part of the facility design. Requirements for and operating
levels needed for special systems shall be furnished by the sponsor command or

NAVFACENGCOM for incorporation in the facility design.
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3.11.2.1 High Vacuum. Normally, hig
collateral equipment by the using agency. Where a central system is required,
the capacity, degree of vacuum, and number of stations operating simultaneously
shall be as specifically delineated in the project design criteria. Such inlet

connectors shall be designed to permit installation in a utility panel or at

h vacuum for technical use is furnished as

benches, as required by the design criteria. Except as previously noted, system
design shall follow the criteria in NAVFAC DM-3.05, Compressed Air and Vacuum
Systems.

3.11.2.2 Special Gases. When required, special gases (such as helium, nitrogen,
and oxygen) shall be provided by installation of a piping distribution system

connected to a central source. Terminal connection points shall be designed for
both a utility panel and a bench location, and shall include a pressure reducing
valve, a shutoff valve, and an indicating gauge. Provide point of use

filtration

3.11.2.3 Special Cleaning Solvents. Dispensing and recovery systems for special
cleaning solvents (such as halo-carbon compounds) shall be designed according to

the fiow and cleanliness requirements. Piping, filters, dryers, pumps and
compressors, and any special contaminant removal equipment shall be selected to
provide the specified solvent cleanliness level and teo minimize solvent
breakdown (hydrolysis or other decomposition either chemically or thermally).

Provide point of use filtration.

3.11.2.4 Exhaust Systems. Exhaust systems for hazardous materials which can be

toxic, corrosive, flammable, or radiocactive, shall be provided in accordance
with MIL-HDBK-1003/17. The systems shall consist of exhaust inlet connection
points in the room, contaminant collection equipment, washers, scrubbers, HEPA
filters, charcoal filters, or electrostatic filters as applicable, and an

exhaust fan or fans. To the maximum extent possible, contaminated portions of
the system shall be located outside the occupied area of the building. Exhaust
discharge outlets shall be located on the leeward side of all air intakes.

Hazardous-fume-capturing equipment, such as hoods, canopies, or special
benches,; is normally provided as collateral equipment. Specific volumes of

exhaust air shall be determined to allow inclusion in air-conditioning
requirements. Exhaust air requirements should be minimized to reduce the energy
required to cool the makeup air. Gauges shall be installed across filters of
appropriate exhaust systems to assure filter replacement before airflow is

inhibited. System operation range shall be marked on gauges. Install gauges
where they can be seen during system shut down and turn on procedures. Provide
specially designed housings for HEPA exhaust filters which allow for easy
bagging of filters

3.11.2.5 Compressed Air. Design for the compressed air system shall be in
accordance with NAVFAC DM-3.05. Where a high degree of cleanliness and dryness
is required, proper efficiency filters, dryers, and filter dryers shall be
provided at the specified cutlets. Where 100 percent cil-free air is

required, a carbon or Teflon ring or oil-free rotary liquid displacement type
compressor should be provided. Provide point of use filtration

3.11.2.6 Water Systems. Special water systems to provide special filtering,
demineralization, and temperature control of the water for use in sonic
cleaners, washdown operations, photographic development work, and similar
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functions, when required, can be provided by a central processing plant or by
individual factory assembled units. Care should be exercised to prevent
po a , n

exposed water surfaces from being degraded by particulate contamination in
conventional clean rooms

3.11.2.7 Central Vacuum Cleaning Systems. Central vacuum cleaning systems
should be designed to provide approximately four 1.25-inch (31.75-millimeter
(mm)) hose outlets in simultaneous use, with a vacuum of 25 inches of water
(6.22 kPa) at the end of each hose.

vided

\P-"
e

3.12 Fire Protection. Fire protection for clean
accordance with MIL-HDBK-1008, Fire Protection for Facilities Engine rin
Design, and Construction, and Factory Mutual System, Loss Protection Data
Section 1-56 "Clean Rooms," as applicable to the specific building and to the
clean rooms and work stations therein. A summary of the basic guidelines

follows

"

ooms shall be pro

':N

constructed of noncombustible materials as much as practical. Consideration
should be given to minimizing the size of clean rooms within practical limits of
functions. Separation of clean areas is desirable to minimize damage in the
event of fire or related hazards.

3.12.1 Construction. Clean rooms, ventilating ducts, and equipment shall be

meet the requlrements of the NFPA-lOl/lOlM; Life Safety Code.

3.12.3 Sprinkler System. Provide automatic sprinkler system where contents or
construction is combustible or where hazards of operation warrant.

3.12.4 saseous Fire Extinguishing Systems. Carbon dioxide extinguishing
systems are not recommended for general clean room use and should avoided.
However, carbon dioxide systems may be used for local application to protect a

specific hazard if circumstances warrant. Halon should not be used.

3.12.5 Conventional Clean Rooms. Standard automatic heat or smoke detection
systems are suitable for installation in conventional clean rooms

3.12.6 Laminar Flow Clean Rooms. Consider the following special design
feature for laminar flow clean rooms:

a) Place photoelectric type smoke detectors in the return air path
after the laminar flow has been broken up by the return grilles and has become
turbulent. The number and location of the sensors will depend on the size and
arrangement of the room or exhaust system. Smoke detectors shall be
interconnected with building fire alarm system

laminar flow hood or work station with sprinkle
2 1
L L

Q
5
[e]
Hh
[V]
wn
=]
C

should be

3.12.7 Smoke Control System. In general, smoke control systems
considered for clean rooms which are susceptible to smoke damage or high
contents loss. The smoke control system should be designed to exhaust smoke and

N
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fumes from the clean rooms and to prevent recirculation of the contaminated
exhaust air. The smoke control system should be designed to operate
automatically upon actuation of any photoelectric type smoke detector in the
return air path or manually upon actuation of an emergency switch at the exit.

3.12.8 Control Valves. Provide normally closed valves in all solvent, oxygen,
and flammable gas lines to the room that will be de-energized immediately upon
actuation of the detection systems. Manually operated control valves must be
readily accessible outside the clean rooms.
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Section 4: ACCEPTANCE TESTS AND CONTAMINATION CURVES
4.1 Acceptance Tests. The number and location of tests vary to suit each

individual project, and should be included in the design specifications. The

acceptance test can include temperature, relative humidity, positive internal
static pressure, rate of airflow, airborne particle count, footcandles of
illumination, and operating amperage and veoltage

4.1.1 Airborne Particle Counts

4.1.1.1 Nonlaminar Flow Clean Rooms. For nonlaminar flow clean rooms, specific

requirements for clothing (such as head covering, foot covering, smocks, and
gloves) should be dictated for all personnel involved, including the testing
personnel. For static tests (room at rest), all personnel should be barred from
the clean room at least 48 hours, but no more than 168 hours, prior to airborne

particle counts.

4.1.1.2 Laminar Flow Clean Rooms. No specific garmenting requirements are
necessary for testing personnel in laminar flow clean rooms.

4.1.2 Individual Tests

4.1.2.1 Filters. The test of the filter which is in place should be in
accordance with Federal Standard FED-STD-209, Airborne Particulate Cleanliness
Classes in Cleanrooms and Clean Zones.

4.1.2.2 Room Pressure Tests. Pressure differential tests shall be accomplished
to demonstrate that the pressurization requirement delineated in paragraph
3.11.1.1 b) is being maintained. Measurements can be accomplished using either

multicolumn manometers or multiple pressure differential gauges, all mounted on
a single panel, to assure observation of all pressure differentials
simultaneously. Calibrated electronic sensors with a central display and

nal printer may also be used
4.1.2.3 Airborne Particle Counting. Contaminants shall be measured in
accordance with FED-STD-209.

4.1.2.4 Airflow Test. Airflow velocity should be measured through the cross
section of the room, perpendicular to airflow.

: . .
L. 2 Distribution Curves and Cleanliness Regquirements

|9 13 ina V 1585 v&vunt‘.‘nnvuu Ml CHICIILS

4.2.1 Air Cleanliness Classes. The classification of clean rooms should be
limited to the Classes 100; 1,000; 10,000; and 100,000 (Class M3.5; M4.5; M5.5
and M6.5) in accordance with FED-STD-209 whenever possible. Other

classifications can be used to define particle count levels where special
conditions dictate their use. Such classes will be defined by the intercept
peint on the 0.5 micron line of Figure 6 with a curve parallel to the
established curves. Particle counts are to be taken during normal work activity

=

periods and at locations which will yield the particle count of the air as it
approaches the work location (Refer to FED-STD-209).
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4.2.2 Particle Size Distribution Curves. The distribution of airborne

particles in Figure 6 illustrates the concentration and size ranges for the

various clean room categories. Although not specifically identified in

TN QTN 2N0O NY e 1IN O e MDY BN e d mie e o ae ] ~ar bk At LI A Ly A
FLU-O1U-LVUT, LidSS 11U (LldbsSs Nc.J) deL.LCuLdLG COLILLIO1L Call be lueiitlliied Dy all
anpropriate parallel line in Figure 6 For particle counts below 10 per cubic
appropriate parallel line in Figure 6. For particle counts below 10 per cubic
foot, a large number of air samplings must be taken to achieve statistically
significant data

4.2.3 Cleanliness Requirements Versus Particle Size Distribution Curves.
Figure 7 indicates the relative cleaniiness requirements for some products or
cvoetrame with Al anvasmaas Fomrmem N NNNND +o N NNE 31 /n nr\n:no = N 127 e\ +h g
Sybbclub Witll ClvalallLes 110l V,UUUUL LU V. VUVD LdlICll (V. JVUU2JVYO LU V.14 /7 1) villL
films, and the capacity range of HEPA filter units

4.2.4 Typical Particle Sizes. The conventional unit of measurement for
particles is the micrometer. A micrometer is a millionth of a meter, or
approximately 0.00003937 inch. Airborne particles range in size from 0.001
micron to 1,000 micrometers. Most environmentally controlled facilities will
control particles 0.5 micrometer and greater. Figure 8 indicates sizes of som
typical particles and the range of some cleaning equipment for removing variou
particle sizes

4.3 Guidelines for Clean Room Classes. See Table 1 for guidelines for

determining classes of clean rooms.
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Table 1. Guidelines for Clean Room Classes.
CLASS i00 & i000 CLASS 0,000 CLASS 100,000
TYPE OF FAC“.ITY sma o~ - e AT A =\ rAVi— :‘—\ ra.Y < f=hY
(M3.D0 «& 14 . D) {M>2.D) (f10.2)

LAMINAR AIR FLOW

VERTICAL FLOW ROOM
VERTICAL FLOW CURTAIN UNIT
VERTICAL FLOW BENCH

ENTIRE WORK AREA MEETS
REQUIREMENTS AT NORMAL
WORKING HEIGHT LOCATIONS.

ENTIRE AREA NORMALLY WEETS
REQU IREMENTS

ENTIRE AREA MEETS REQUIREMENTS.

CROSSFLOW ROOM
TUNNEL ROOM
WALL~TO-FLOOR 'ROOM

FIRST WORK LOCATIONS
MEETS REQUIRENERTS.

ENTIRE WORK AREA NORMALLY MEETS
REQUIRENERTS IF PARTICAL GENER-

ATION, WORK LOCATIONS AND PER-
SOMNEL ARE REASOMABLE COMTROLLED

ENTIRE AREA NORMALLY MEETS
REQU I REMENTS.

NONLAMINAR AR FLOW

<
=
o
mr
‘1
s
»
>
- m

1N SOME CASES, CAN BE UPGRADED
TO MEET REQUIREMENTS BY PLACING
LAMINAR AIR FLOW DEVICES
ROOMS OR DOWNFLOW CURTALN UMITS)
WITHIN THE ROOM AND CONTINUODSLY

r BrAaln
FILTERIRG THE RECIRCULATED AlR.

PERSONNEL AND OPERATING RE-
STRICTIONS AND JANITORIAL
MAINTENANCE ARE ALSO REQUIRED.

WILL USUALLY HEET REQUIREMEXTS
WITH STRICT OBSERVATION OF
RULES GOVERWiNG PERSOWNEL,
OPERATIONS, GARMENTING, AND
JAKITORIAL PROCEDURES.
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Section 5: CLEAN ROOM DESIGNS

5.1 Nonlaminar Flow (Conventional) Clean Rooms. Any clean room in which
the air handling system does not create a laminar airflow will be designated as
a conventional clean room. The plan view shown in Figure 9 indicates
requirements for a conventional clean room area. Special configurations tend to
limit the versatility of the clean room, and should be kept to a minimum. The
conventional clean room should be limited to approximately 3,000 fe2 (278.7 m2)
or 24,000 ft3 (679.68 m3) in size. Ceiling height should be a minimum of 8 ft
(2.44 m). If a facility requires a larger area, the area should be divided by
partitions. The operational requirements will determine the overall size of the
facility. Careful study should be given to the overall layout, to obtain the
optimum in traffic flow of personnel, parts flow, record keeping,
communications, future expansion, and the provision for clean work stations if
required.

5.1.1 Facility Components. (Refer to paragraph 3.8.)

a) Personnel and equipment air locks shall be provided between
conventional clean room and less clean areas, such as locker rooms, equipment
cleaning rooms, or other uncontrolled areas.

b) Air showers should be provided and incorporated as an integral unit
with the air locks.

c) Pass boxes or pass windows shall be provided for the movement of
components and pieces of equipment.

d) Observation windows and shoe cleaners shall be provided as
required.

5.1.2 Support Areas. Change rooms, toilets, washrooms, locker rooms,
offices, and lunch areas shall be provided, as required. (Refer to paragraph
3.3.8.)

5.1.3 Electrical Systems. (Refer to paragraph 3.10.)

5.1.4 Mechanical Systems. (Refer to paragraph 3.11.)

a) Provide sufficient airflow through the HEPA filters to provide a
complete clean room air change in 3 to 4 minutes (15 to 20 air changes per
hour). Locate the HEPA filters as close to the room distribution outlets as
construction will permit.

b) Air distribution shall be through an overhead duct diffuser system.
One of the most efficient designs for air entry into the conventional clean room
utilizes a large perforated plenum serving as a major portion of the ceiling.
Air exit from the clean room (room return air) should be either through the
floor or along the perimeter of the wall at floor level and beneath workbenches
where possible. Since the floor is generally the most contaminated section of
the clean room (particularly the floor area in the proximity of the employee as
he stands, sits, or manipulates during his work operations), much of the
contamination in the room can be reduced by locating exhaust ducts in this area.

30



MIL-HDBK-1028/5A

c) Select diffusion equipment to produce an airflow velocity in the
occupied zone 3 to 5 ft (0.914 to 1.52 m) level which shall be not less than 35
feet per minute (fpm) (0.178 m/s) nor greater than 55 fpm (0.279 m/s).

d) Distribution pattern shall not interfere with the airflow
requirements of any laminar flow work stations, bench, or hoods within the room.

5.2 Horizontal Laminar Flow Clean Rooms. Figure 10 illustrates the primary
airpaths for typical horizontal laminar flow clean room. For each type of
airflow, treated makeup air is mixed with return air as required to maintain
temperature, humidity, and pressure requirements. "Wall-to-wall" airflow is the

most expensive type of horizontal laminar flow clean room to construct and
operate; "wall-to-ceiling" airflow is next; and the least expensive airflow is
"wall-to-open-end” (tunnel).
[~ I | AAdarsnamtnoen o
J.L. L nUlelLdEGb

a) The advantages of the horizontal flow clean room in terms of
cleanliness are:

(1) The cleanliness level is not entirely dependent upon the
operation or activity within the room.

(2) The clean room has self-cleanup capability an

cleanliness recovery rate.

(3) It is necessary to operate the air handling units only during
working hours.

b) The horizontal flow clean room is a departure from the vertical
flow clean room (which has the lowest contamination level of all clean room
designs) for the sake of economics. The room has a low contamination level,

varying from super clean at the air entrance to a lesser degree of cleanliness
at the air exit. The cost of achieving and maintaining these low contamination
levels is generally less expenslve by using a horizontal flow clean room than a

e P

conventional clean room, HOWEVEI' room Layﬁilt 18 iITlI_)C)I.‘L 1

rr

5.2.2 Design

a) Personnel air showers, air locks, shoe cleaners, and most other
support rooms are not required. Special clothing would not normally be required
but is valuable from a psychological standpoint.

conventional clean rooms are normally not necessary, since particulate matter
from this source does not accumulate in the room.

b) Sonh sticated construction materials and finishes rgquired in

c) To ensure the laminar airflow through the entire clean room area,

the air supply wall should consist wholly of HEPA filter units. The length of
the laminar airflow should not exceed 120 ft (36.58 m) The HEPA filter bank
should be protected from damage by appropriate screens or grilles

w
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d) The air handling system should be as compact as possible; however,
compact designs can create a serious noise problem. (Refer to paragraph 3.5 for
noise control.)

C

+~
SU as not to
r

fixtures should be flush mounted However, surface mounted fixtures are
used, they shall be installed in continuous rows parallel to the direction of
the airflow.

ated in paragraph 3.1 Airflow,
20 me ({0.457 40. LUZ m/s). Th
Specification MIL-F-51068, Fil
Partlculate High-Efficiency, F1re R sistant, which specifies filters w1th
minimum efflciency of 99.97 percent, as determined by the homogeneous dioctyl
phthalate (DOP) performance test method at airflows of 100 percent and 20

il he DOP thod is glven in
Clotnirg, Gas-Mask

i
> -

g) For acceptance tests, refer to paragraph 4.1.

5.3 Downflow Clean Rooms (Vertical Laminar Flow). Figure 11 illustrates
r typical vertical laminar flow clean rooms. For both types
as t

maxkeup air is mixed
y Yeaq

the most expensive type of vertical laminar flow clean room to construct and
operate, followed by ceiling-to-wall airflow. Figure 12 illustrates a vertical
flow room with a basement containing most of the mechanical equipment,

utilities, and process support equipment, such as vacuum pumps and exhaust

ducts. This design is only practical in new buildings, where the compact
arrangement of support equipment helps offset the room cost. TFigure 13
illustrates a vertical flow ceiling unit which can be used as the air handling

o
part of a vertical clean work station or can be used in multiples for an entire
clean room. Figure 14 illustrates a vertical laminar flow clean room utilizing
multiple fan plenum systems, with each plenum serving several HEPA filter units.

5.3.1 Advantages. The advantages of the downflow clean room are:
a) It has the lowest contamination level of all the clean room

designs. The vertical flow clean room produces the shortest distance from
contaminant generation to contaminant removal from the clean room. The entire
room approaches the cleanliness level of the HEPA filter units.

b y operation is provided by streamlines of
1

laminar f

c) The clean room has self-cleanup capability and quick cleanliness
recovery.

d) It is unnecessary to perform major cleanup everyday.
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NUAL DAMPER CONTROLS MAKEUP AIR
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/
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3, COOL WATER FROM COIL. USE FLEX CONN AT COIL.
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Figure 13
Vertical Flow Ceiling Unit
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a) Personnel air showers are not required, and the room is operated
only during working hours, because it has a rapid recovery rate.

b) Special clothing would normally not be required; however,
knee-length smocks and caps would be useful for psychological reasons to adjust
employee attitude to the clean room rules.

c) The ceiling system consists of HEPA filter units, lighting, and
sprinkler heads, which give the effect of a continuous air diffuser for laminar
flow of air. Protective grilles, perforated sheets, or screens made of
corrosion-resistan t, nonshedding material with a minimum of 50 percent free area
should be provided on the room side to prevent accidental damage to the filter
media. The lights should have a narrow profile.

(]
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d) Requirements for additional space above the ceiling and beneath the
floor necessitate careful consideration of the building height. Space above the
ceiling is required for items such as air supply ducts or plenum air diffusing
c - - 3 RN

space, ﬁlpiﬁg, braciﬁg, catwalna, ana access space. Plenum chambers should be
designed to ensure uniform airflow, and should be of fireproof construction
The acoustical properties should be in accordance with paragraph 3.5

les between equipment should not exceed 5 ft (1.52 m), except

les are needed for access to equlpment Individual items of
hes (102 mm). There should be
1in
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f) Depending on the amount of dirt to be removed, a central vacuum
cleaning system, or a specially designed portable vacuum, should be employed.

g) The construction materials should have low shedding characteristics
and should be easily cleaned.

o

h) Electrical systems are stipulated in paragraph 3.10. To provide
adequate general illumination, special consideration will be required. Probably
more supplemental lights, for delicate operations, would be required than
ordinarily, since practically the entire ceiling o

f a vertical laminar flow room
is occupied by air filters. One method to consider is utilizing continuous
strips of fluorescent lights. Fixtures should be mounted so as not to restrict
or cause objectionable turbulence of the airflow or interfere with intenance
of the air filter.

i) Mechanical systems are stipulated in paragraph 3.11. A1rflow,
ceiling-to-floor, shall be at a velocity of 90 +20 fpm (0.457 #0.102 m/s). HEPA
filter banks and perfor ted metal panels shall extend wall-to-wall and be
suspended by minimum width supports to minimize airflow turbulence. The HEPA

filter system shall conform to requirements stipulated in paragraph 5.2.2.f.

j) Refer to paragraph 4.1 for acceptance tests.

5.4 Prefabricated Clea Rooms. There are many types of prefabricated units
in existence, manufacture

f materials and in a varietv o

Qi dlalcliia 4+l & VaLaitly ©i

Y v
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designs. Among the advantages in this approach, for providing a controlled
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environment, are: lowered engineering costs; flexibility in structure
modification, flexibility in structure size; and interchangeability of windows,
panels, and other such components.

5.4.1 Specifications. Before including items which would considerably alter

designs of prefabricated rooms of an individual manufacturer, consider the
specification. Many of the prefabricated clean room manufacturers have had
considerable experience in the field, and could contribute useful information to
the clean room design specifications When bids are requested for prefabricated

L€ Caicail 00 UCoLiph: Spllalitalitiic.  waizsd D1U>

structures, it is recommended that prefabricated room 1nformat10n include, but
not be limited to, the following items:

a) Height, width, and length of room;

b ) AR

c) Interior and exterior wall finishes;

d) Coved or uncoved corners for wall joints, floor-to-wall, and
wall-to-ceiling;

e) Floor material and ceiling material and finish;

f) Entrance door material, size, and location;

w
o

g) Entrance door hardware, such as interlock and

J
m

vvvvvvvvv and quantity of windows;

i) Location and size of air shower or air lock;

j) Columns that are to be boxed and the material to be used;

and location;

) 13 10CaL 1010

boxes in quantity, size
1) Types and location of lighting fixtures;

m) Lighting intensities in footcandles (lumens per square meter) at
bench height;

—/
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n) nidity, ventilation, airflow, and air conditioning
requlrement

o) Types of filtration and required range of contamination levels;

_ N\ T Amast A AL o2 __L..-. PRPTI. R e
P) Locatlon OL dil c€lilly dilu exilausti,
q) Required air pressure gradients;

r) Central vacuum cleaning (location of ports and size of ports);

s) Location and size of water 1lines and ot ties;

[y
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t) Compressed air outlets location and size, if required;
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u) Location of intercommunication system, if required;
v) Number, location, and size of electrical power outlets; and

awer-line €
OwWEr-111i€ 1

4
N

5.4.2 Design Requirements

a) For clean room design criteria, refer to Section 3.

T\ | o PR - P O -1 -1 . -~
D) ror cCoOIlverlit10I1idl ciedlIlr r1ooms, 1LE
c) For laminar flow clean rooms, refer to paragraphs 5.2 and 5.3.

5.4.3 Acceptance Tests. For acceptance tests, refer to paragraph 4.1.
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5.5 Missile Overhaul and Cleaning Facilities. The conventional clean ro
provides compatible environmental design and operational standards for missile
overhaul and cleaning facilities. These facilities generally need high bay
areas to provide for large bulk pieces. The disciplines and techniques
currently employed in clean rooms are pertinent to missile overhaul and cleaning
facilities.

5.5.1 Typ

a) The conventional clean room is compatible with most cleaning
operations with respect to environmental conditions. To a large degree, the
requirements depend upon the size of the parts to be cleaned. Other factors
involved include chemical attack problems, extra utilities requirements, the
effect of the weight of large objects on the floor and fixtures, and the
necessity for a large exhaust system. Various operations, such as hydraulic and

pneumatic work, should be placed in separate clean rooms.

b) Although the basic cleaning and overhaul activities of operational
missiles and other aerospace vehicles are compatible with conventional clean

room design, the advent of sophisticated electronic and hydraulic systems makes

the use of laminar flow clean rooms necessary. Re?n‘lr of inertial navi aatlon

systems, electronic computer controlled weapons delivery systems, and precise
hydraulic servo control systems require the particulate control achieved only by
horizontal or vertical laminar flow facilities. Portable clean air units should
be considered for local contamination control.

5.5.2 Material Handling

a) Missile overhaul and cleaning facilities employ a large amount of
material handling equipment from overhead cranes and hoists to tote boxes.
Extreme care should be taken to shield particle producing assemblies of the
handling equipment from contaminating the work space.

b) In a facility where large pieces are being handled, transfer of

contamination from personnel and tools to the workpiece is as large a factor in
contaminating the workpiece as is poor environmental control.
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c) When overhead weight-handling equipment is required, it shall be in
_____ Aoemnras w33 &L PPN S G S 22— AWAIIT'A n 20 N1 TTa St sl T AT 2 ne B mesd cncm o &
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5.6 Upgrading of Existing Clean Rooms. Many existing facilities are
inadequate and have severe operating restrictions. Some of the limitations are:
air handling equipment must be run continuously, cleanup or janitorial services
must be continual, costly clean room garments must be worn and maintained, time
is lost getting in and out of the clean room area, and contamination monitoring
is constant and costly. The upgrading will not eliminate all of these
limitations, but will add flexibility to the facilit

5.6.1 Clean Work Stations. Existing clean rooms can be upgraded by
installing clean work stations. The recirculation and filtration of room air
through HEPA filter units dilutes the contamination and, dependent on the number

X atatiang Ararn annvaark tha Alaanlinace laval ofF tha ~laan warly gtat3ian
vl wuL SLaltlilullys, wall GPPL acClil L1IT L iCTalliilicoo 1T voi vl L1IT LviTalillr wuin ocLacivull
Clean work stations can be arranged in various sizes and configurations to
handle many different product lines and functions Figure 9 shows a schematic

i
floor plan of a utilizing installation’s clean work stations.

a) The clean work stations can be attached to the central air handling
system, utilities, and cleaning system, or can be self-contained with fan,
filters, coils, and controls as required. Self-contained units nick up air from
the room. The clean work stations can be constructed and installed or

commercially purchased and installed. Some typical clean work statlons are:
(1) Built-in Clean Work Station (see Figure 15);
(2) Horizontal Laminar Flow Bench (see Figure 16);
(3) Vertical Laminar Flow Bench (see Figure 17); and

(4) Laminar Flow Exhaust Hood (see Figure 18).

b) Materials used in the construction shall be smooth, durable, and
not easily susceptible to flaking or wear by abrasive action. Glass,
plexiglass, laminated plastics on plywood, stainless steel, or equivalent
materials can be used. Laminated plastics on plywood should be listed by
Underwriters Laboratories, Inc. (UL) UL 586, Standard for Test Performance of
High Efficiency, Particulate, Air Filter Units, as having a flame spread rate of
25 or less and a smoke development of 200 or less when tested in accordance with
ASTM E84, Standard Test for Surface Burning Characteristics of Building

c) Clean work stations or benches can be installed with access panels
either in front or at the back. Arrange clean work stations along the outer
erimeter wall of the clean room. Ducts and utility lines should be on the
outside of the clean room. These arrangements should make it possible to

service the work stations while the clean room remains in operation,

o

d) Connections should be made between the work stations and utility
housings in a manner to preclude cracks, crevices, ledges, or other dust
catchers.
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e) Random air currents inside the clean work stations should be
eliminated. The units should be designed to produce laminar flow air patterns
in the work area.
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g) Consider such features as noiseless, vibration-free operations;
accessibility of filters for cleaning and changing; savings in floor space;
variable speed blower; operating cost; and elimination of corners at floor
level.

h) The size or shape of the work station varies, depending on the type
of work being performed. The flow of air can be horizontal or vertical, as long
as the flow is essentially laminar and achieves the cleanliness level desired.
Horizontal laminar flow benches shall not be used with hazardous materials.

i) Modular units are basically clean work stations with support
equipment needed to operate the work station. They can be arranged in various
conflguratlons Increased clean room flex'blllty can be achieved by using
modular units. The modular units should be interchangeable, and should be based
on a standard module size.

he aisle b

s s requ

k) The entire wall above the clean work station can be a bank of
filters and the floor can be a grille through which the air is exhausted.

i) A bank of filters can be installed over the work area an
exhausted through the bench top. This method can be used for toxic cleaning
operations. Regardless of toxicity, the vapor itself is a room contaminant, and
should be exhausted out of the room. A similar unit utilizing a floor exhaust
can be used for pedestal type operations. The airflow can be shut off, if
necessary, while delicate operations are performed.

hnan A3
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m) Special applications could require a unique gas environment or a
completely confined atmospheric environment to be maintained in the work
station. This design requires a closed and filtered recirculating system.

n) A laminar flow exhaust hood (see Figure 18) is ideal for cleaning

operations The damper on the exhaust can be regulated so that no air will fiow
through the front opening or so that air will flow into the hood or out of the

hood.

o) Special care should be given to prevent contamination of items
during transfer from clean work stations, especially when the clean work station
is in an uncontrolled area. Assemblies transported from station to station
should be protected enroute.

p) Electrical systems are stipulated in paragraph 3.10. Supplemental
lighting w111 be required for clean work stations. Lighting fixtures should be
located such that interference with airflow and work procedures will be
minimized.
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q) Mechanical systems are stipulated in paragraph 3.11 and in
FED-STD-209.

r) For acceptance tests, refer to paragraph 4.1
5.6.2 Movable Laminar Flow Booth (Downflow Units). The movable laminar flow

booth (see Figure 19) can be used for large devices that ordinarily could not be
moved into a clean room. The bottom weighted transparent vinyl plastic side
+1

curtain should extend down to just above the area to be protected. For
sensitive adjustments, the airflow can be shut off, in which case the plastic
curtain should be extended to protect the items from stray air currents. (Refer
to paragraph 5.6.1.)
5.6.3 Tunnel Units. A filter bank can be used at the end of a tunnel, with
walls and ceilings made of light movable materials, for special applications.
The air at the open end of the tunnel is not recirculated. The entire cross
ction of the tunnel must be composed of filters; otherwise, air currents will
(s

relntroduce contaminants into the airstream. ee the sketch for wall-to-tunnel
airflow in Figure 10, and refer to paragraph 5.6.1.)

5.6.4 Filter Bank Module. A filter bank module is a type of clean work

station without the bench surface. It consists of a blower system and HEPA
filter units through which the room air is circulated. The filter bank module,
similar to the vertical flow ceiling unit in Figure 13, is used in a
conventional clean room for reducing the particle count in the vicinity of the
module. The required number and size of the filter bank modules depend on the

desired level of cleanliness. The module has little effect on remote areas of
the room and, while it may be an economical solution to local contamination, it
should generally not be considered effective in upgrading the entire rcom
Figure 20 illustrates a typical situation where filter bank modules might be
used to minimize local contamination as products move along a process line
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Figure 15
Built-in Clean Work Station
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Figure 17

Vertical Laminar Flow Bench
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Movable Lamin;r Flow Clean Booth
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Filter Bank Module
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American Engineering Council, available at the U.S. Department of Commerce,
National Technical Information Service, Operations Division, Springfield, VA

TID 7023 High Efficiency Particulate Air Filter Units,
Guide to Inspection, Storage, Handling, and
Installations
MIL-F-51079 Filter, Medium, Fire-Resistant, High-Efficiency
American Society of Heating, Refrigerating, and Air-Conditioning Engineers
(ASHRAE), 1791 Tullie Circle, N E., Atlanta, GA 30329-2305
Standard 52 Method of Testing Air-Cleaning Devices Used in
General Ventilation for Removing Particulate
Matter
Occupational Safety and Health Act Standards Manual, Department of Labor,
Occupational Safety and Health Administration (OSHA), Washington, DC 20210
Whyte, W. 1991. "Cleanroom Design," ISBN0471928143, John Wiley & Sons, Inc.,
New York, NY.
Kozicki, Michael N 1591 "Cleanrooms, Facilities and Practices.®
ISBN0442319509, Van Nestrand Reinhold, New York, NY
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users of thls handbook should utlllze the latest

revisions of the documents cited herein.
FEDERAL/MILITARY SPECIFICATIONS, STANDARDS, HANDBOOKS AND NAVFAC GUIDE
SPECIFICATIONS:
The following specifications, standards and handbooks form a part of this
document to the extent speclfled herein. Unless otherwise indicated, copies are
available from the Standardization Documents Order Desk, Bldg. 4D, 700 Robbins
Avenue, Philadelphia, PA 19111-5094.

MILITARY
MIL-F-51068 Filter, Particulate (High-Efficiency Fire
Resistant)
STANDARDS
FEDERAL
FED-STD-209 Airborne Particulate Cleanliness Classes
In Cleanrooms and Clean Zones
MILITARY )
MIL-STD-282 Filter Units, Protective Clothing, Gas-Mask
Components and Related Products:
Performance-Test Methods
HANDBOOKS
MIL-HDBK-1001/2 Materials and Building Components

MIL-HDBK-1002 series Timber Structures

MIL-HDBK-1003/17 Industry Ventilation Systems
MIL-HDBK-1004/4 Electrical Utilization Systems
MIL-HDBK-1008 Fire Protection for Facilities Engineering,
Design, and Construction

MIL-HDBK-1190 Facility Planning and Design Guide

NAVFAC GUIDE SPECIFICATIONS
NFGS-15200 Noise, Vibration, (and Seismic) Control
NFGS-16402 Interior Wiring Systems
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NAVY MANUALS:

Government and private agencies may order Navy manuals by contacting the Naval
Publications and Forms Center (NPFC), 5801 Tabor Avenue, Philadelphia, PA
19120-5099.

DM-1.03 Architectural Acoustics

DM-3.03 Heating, Ventilating, Air Conditioning and
Dehumidifying Systems

DM-3.05 Compressed Air and Vacuum Systems

DM-3.10 Neise and Vibration Contrcl of Mechanical
Equipment

DM-5.04 Pavements

DM-38.01 Weight Handling Equipment

The following publications form a part of this document to the extent specified
herein. Unless otherwise specified, the issues of the documents which are DoD
adopted are those listed in the Department of Defense Index of Specifications &

AT T o

AMERICAN SOCIETY OF HEATING, REFRIGERATING

ARLRIGAN APRALLING, REPRIGRRA NG, AN LA -LON AP RA LT NG LN S

INC. (ASHRAE)

HANDBOOKS
1992 Handbook - Equipment
1991 Handbook - HVAC Systems and Applications
1990 Handbook - Refrigeration Systems and Applications
1989 Handbook - Fundamentals

90A - Energy Conservation in New Building Design

(Unless otherwise indicated, copies are available from American Society of

Heating, Refrigerating, and Air-Conditioning Engineers, Inc., 1791 Tullie
Circle, N.E., Atlanta, GA 30329-2305.)
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ASTM
ASTM E84 - Standard Test Method For Surface Burning
Characteristics of Building Materials
ASTM E380 - Standard Practice for Use of the International
Systems of Units (SI) (the Modernized Metric
System)
ASTM E621 - Standard Practice for the Use of Metric (SI)

Units in Building Design and Construction

(Unless otherwise indicated, copies are available from ASTM, 1916 Race
Street, Philadelphia, PA 19103.)

FACTORY MUTUAL ENGINEERING AND RESEARCH
Loss Protection Data, Section 1-56, Clean Rooms

(Unless otherwise indicated, copies are available from Factory Mutual
Engineering and Research, 1151 Boston-Providence Turnpike, P.O. Box 9102,
Norwood, MA 02062.)

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 - National Electrical Code

NFPA 101 - Code for Safety to Life from Fire in Buildings
and Structures

NFPA 101M - Manual on Alternative Approaches to Life Safety

(Unless otherwise indicated, copies are available from National Fire
Protection Association, One Batterymarch Park, P.O0 Box 9101, Quincy, MA
02269-9101.)

UNDERWRITERS LABORATORIES, INC.

UL 586 - Standard for Safety High-Efficiency,
Particulate, Air Filter Units

(Unless otherwise indicated, copies are available from Underwriters
Laboratories, Inc., 333 Pfingsten Road, Northbrook, IL 60062.)
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GLOSSARY

Air lock. An air lock maintains the pressurization of a clean room during entry
and exit from the room.

Air Shower. A personnel cleaning system utilizing a high velocity air stream
and vacuum to remove nartwmﬂarn matter r~11no1na to outer ("Inﬂ'nng and skin

surfaces.

Bypass Air. Primary air which is bypassed through an air conditioning unit
before being recirculated through the HEPA filter bank of a laminar flow room.

Cool Water. Water which circulates through dry coils and removes heat from
them. Cool water temperature is always above the dew point temperature of the
coil ajirstream.

Dry Coil. A cooling coil whose dry bulb temperature is always above the dew

point of the air passing through it. Used in laminar flow systems to remove fan
sensible heat from primary airstream.

First Air. The air which issues directly from the HEPA filter.

First Work Location. The work location nearest the downstream side of the HEPA
filters in a laminar airflow device.

High Efficiency Particulate Air (HEPA) Filter. A filter as specified in
Military Specification MIL-F-51068 with a minimum efficiency of 99.97 percent as
determined by test. The test can be by the homogeneous dioctyl phthalate (DOP)
(Military Standard MIL-STD-282) method or other equally sensitive method at an
airflow of 100 percent of the rated flow capacity for all size filters and at 20
percent of the rated airflow for nominal rated capacity for 500, 1,000, and
1,250 CFM.

Laminar Flow. For the purposes of this document, laminar flow is defined as
airflow in which the entire body of air within a confined area essentially moves
with uniform velocity along parallel flow lines.

Laminar Flow Clean Room. A room in which the laminar airflow characteristics
predominate throughout the entire airspace, with a minimum of eddies.

Laminar Flow Clean Work Station. A work station in which the laminar airflow
characteristics predominate throughout the entire airspace. It can be a bench

or hood, portable or fixed.

Makeup Aiy. Air supplied to conventional and laminar flow clean rooms so that
internal air pressure will be above that of surrounding spaces.

Makeup Air Fan. A fan which handles makeup air.
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Medium Efficiency Filter. A filter with an efficiency of 80 to 90 percent
minimum as determined by ASHRAE dust spot efficiency test using atmospheric
dust.

Nonlaminar Flow (Conventional) Clean Room. A room supplied with filtered air
with no specified requirement for uniform airflow patterns or uniform air
velocity.

ates located upstream from and with
1
4

2 2 1.~
iciency than the HE

Primary Air. Air which is recirculated through the HEPA filter bank forming the
wall or ceiling of a laminar flow room.

Primary Fan. A fan which handles primary air.

Transfer Coil. Provides alternative source of cooling water in lieu of chilled
water from chilled distribution system. For use in the dry coil in the primary
airstream of a laminar flow system.
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